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Abstract  
The most metropolitan areas in the world are facing escalating motorization and mobility demands. As a result, due to the 
inherently complexity of urban goods movement (UGM) problems, an efficient UGM has become a critical issue. This paper 
presents a literature review on history and challenge of UGM, summarizes the architecture of UGM including trucks operation 
constraints and infrastructure layout, and points out optimization objectives for popular regulation policy choices of UGM, 
including social cost balance, such as emission, safety and congestion, and trade-off between efficiency, effectiveness and equity, 
finally concludes small trucks as a better choice for UGM by numerical analysis.  
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1. Introduction 
The movement of goods occurs in every urban area. However, such movements have not received the same level 
of attention as that given to the movements of people (Woudsma, 2001). Urban goods movement (UGM) involves a 
multitude of issues and problems. These deserve careful attention of urban-transportation planners. Nevertheless 
many of these problems continue without much debate because their actual economic costs (e.g. delay experienced 
by freight delivery and pickup vehicles) are not well perceived by citizens, which are eventually borne by them in 
the form of increased prices. Moreover the attitude of the public toward delivery trucks is negative in most cases. 
Although Goldman and Gorham (2006) pointed out City Logistics was one of the four emerging innovative 
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directions in sustainable urban transport, much more attention is paid to freight transport on an interurban level, due 
to the evolution of supply chain analysis (Muñuzuri et al., 2005). As the Freight Transport Association (1996) have 
observed: “While industry has achieved significant success in improving vehicle productivity and utilization, urban 
congestion imposes major constraints on further improvements” (Anderson et al., 2005). Plowden and Buchan (1995) 
noted “Freight transport is essential to the modern economy. An efficient system must provide the customer with a 
good service at a reasonable cost.” Ogden (1991) argued that if traffic engineers were to take greater and more 
explicit recognition of the needs of trucks in traffic management, this would not only aid truck movements, and thus 
contribute to economic efficiency, but would also assist the movement of passenger vehicles, as well as contribute to 
broader goals related to such aspects as road safety and regional economic development. 
This paper included a review of literature on urban freight, a discussion of sustainable analysis architecture, and a 
bunch of social optimization objectives for balancing public and private actors concerned. 
2. Literature Review on History and Challenge of Urban Freight 
City logistics is the term used to denote the specific logistic concepts and practices involved in deliveries in 
congested urban areas, the “last mile” transport, with specific problems such as delays caused by congestion, lack of 
parking spaces, close interaction with other road users, etc. Taniguchi defined it as “the process for totally 
optimizing the logistics and transport activities by private companies in urban areas while considering the traffic 
environment, the traffic congestion and energy consumption within the framework of a market economy.” This 
definition highlights the economic attribute of UGM. While from the municipal perspective, urban logistics has been 
defined as those movements of goods that are affected by particularities associated with urban traffic and 
morphology. These factors are essentially caused by the clash of interests between urban freight carriers and other 
stakeholders involved in municipal traffic. The conflicting needs for fluid displacements, parking spaces, 
environmental conditions, etc., and the usual coincidence of peak hours, constitute a permanent source for 
inefficiencies and the need for short, medium and long-term planning. (Muñuzuri et al., 2005) 
2.1. History of UGM 
In the early 70s, Owner-Operator Independent Driver Association was founded in the American. In 1989, the 
ASCE Committee on Urban Goods Movement was set up and presented an overview of the characteristics of UGM 
and its major problems and issues, which addressed major topics such as movement of trucks along urban roads and 
through intersections, loading and unloading of trucks in central business district (CBD) and non-CBD areas, and 
truck terminals and stops(ASCE Committee on Urban Goods Movement, 1989). Ogden (1991) discussed ways in 
which trucks may be specifically incorporated in the planning, design, and operation of urban traffic facilities. The 
paper not only provided practical guidelines, but also included a discussion of the objectives of truck-oriented traffic 
management, a review of problems in urban trucking, on-street and off-street traffic management solution strategies 
for addressing those problems, and information concerning truck trip generation. In practice, state 
DOTs(Department of Transportation) and metropolitan planning organizations in the United States usually have 
freight transportation plans, which provide an efficient transportation system for the movement of goods, such as the 
Minnesota statewide freight plan (2005), the New Jersey comprehensive statewide freight plan (2007), the Atlant a 
regional freight mobility plan (2008), and the New York metropolitan transportation council regional freight plan. 
(Chu, 2011). 
In the UK, the mission of the Freight Transport Association is delivering safe, efficient, sustainable logistics. In 
the 90s, the Sustainable Urban and Regional Freight Flows was a three-year project co-funded by the European 
Union (EU) within the 4th Framework R&D Programmer, as part of the Directorate General XIII Transport 
Telematics Applications Program. This programmer for Research and Technological Development (1994-1998), 
covered all EU activities concerning research, technological development and demonstration of telematic 
applications. Since 2000, the European project BESTUFS was active. BESTUFS II was a follow-up initiative in 
order to identify, describe and disseminate best practices, success criteria and bottlenecks with respect to City 
Logistics Solutions.  
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In education, the Geography of Transport Systems by Rodrigue (2013), formally known as “Transport 
Geography on the Web”, represented a project initially funded by Industry Canada (1997-1998). “The City as a 
Terminal: The Urban Context of Logistics and Freight Transport” by Hesse had case studies of Berlin-Brandenburg 
and Northern California as almost half of the book’s contents. (Woodburn, 2009) 
2.2. Today’s Challenge of UGM 
There are compelling competing demands for transportation infrastructure in urban transportation corridors 
throughout the world. Particularly in urban areas with high rates of population and employment growth, 
transportation networks are experiencing unprecedented demands from both the goods movement and passenger 
travel sectors that result in significant congestion, traffic safety, emissions, and noise impacts. These influences 
threaten not only lifestyle, but also economic prosperity and the quality of the environment. (Abdelgawad et al., 
2011) An efficient UGM has become a critical issue in city planning. The inherently complexity of the UGM 
problems, such as congestion, time-window regulations, on street loading/unloading, parking and environmental 
emissions caused by freight vehicles (Stathopoulos et al., 2012), along with the potential conflicts between key 
stakeholders involved, intricate routing patterns and the diversity of goods, not only bring many challenges but also 
require an all-inclusive solution. 
Table 1 and Table 2, reorganized based on ASCE Committee on Urban Goods Movement (1989), recognize the 
concerns of different parties or actors who play distinctive roles with respect to UGM characterized by clashing 
interests. Table 2 highlights that the public concerns most due to the physical properties of trucks, which can be 
improved with technology to some extent.  
 
Table 1. Private sector: actors and their concerns 
Actors 
Concerns 
Economy 
Safety Environment 
Damage Cost 
Shippers 
&Receivers Shipments 
Cost and quality /convenience of 
freight-service; Cost of providing 
shipping and receiving facilities 
- - 
Carriers Cargo Cost and delay due to traffic congestion 
Poor design of shipper/receiver facilities and 
limited hours of operation; Geometric design and 
traffic control of roadways; Restrictions in 
routing and other regulations 
Environmental 
impacts of their 
facilities 
Truckers Cargo - 
Poor design and limited operation of receiving 
facilities; Poor geometric design of roads and 
intersections for large vehicles; Illegal parking in 
loading/unloading 
- 
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     Table 2. Public sector: actors and their concerns 
Actors Economy Safety Environment 
Car drivers - 
Delay and reduced sight distance 
due to trucks in traffic stream, 
and the blocking of lanes by 
trucks while loading/unloading 
 
Pedestrians - Reduced sight distance due to 
trucks 
Air pollution and noise 
caused by trucks 
Residents - - 
Noise, emissions and 
vibration caused by trucks; 
Overnight truck parking in 
residential areas 
Highway agencies Damage and deterioration of roads due to heavy trucks - - 
Transportation/urban 
planners and engineers 
Location of economic activities 
Existing regulations 
- Negative impacts of trucks and terminals 
Public officials Economic growth and tax base of political jurisdictions - 
Environmental quality and 
public complaints 
3. Sustainable Analysis Architecture of Urban Freight 
Policymakers are responsible for proposing equitable trade-offs between the interests (or preferences) of different 
operators, to align with socially desirable objectives and to create a cooperative environment based on thorough 
knowledge of their different needs and preferences(Stathopoulos et al., 2012). 
3.1.  Urban truck constraints in the urban and metropolitan context 
Regardless of the fact that official statistics provide an elementary knowledge of major commodities transported 
in urban areas, a commodity oriented approach to UGM planning would be quite complex. Traffic management 
agencies usually carry out generalized classification of urban trucks with gross vehicle weight (GVW, e.g. Beijing), 
size, axles, tyres, etc. 
3.1.1. The regulatory rules on trucks weight 
Truck weight limits are inextricably linked to the consideration of pavements, bridges, safety, asset management, 
sustainability, jobs, and economic productivity. Fekpe (1997) presented the relevance and important implications of 
regulations governing the sizes and weights of heavy vehicles in highway infrastructure management and gave a 
procedure for evaluating the infrastructure impacts, trucking productivity, and highway cost-allocation implications 
of alternative truck weight limits and enforcement options. Any revisions in the size and weight limits are reflected 
in truck fleet, operating weights, and volumes, which in turn affect the infrastructure geometric requirements, 
loadings, maintenance, and rehabilitation intervention levels. However, the regulatory rules usually set up by local 
governments, which might result in underutilization of the productivity and efficiency benefits afforded by universal 
standardization. Rempel et al. (2012) identified the options for trucks to transport full containers notwithstanding 
Federal Bridge Formula B and the U.S. 36.3t cap for GVW. The options are complex, vary by state, and include: 
(1)no divisible permits, (2)special haul routes, (3)grandfather rights, (4)state roads, (5)tare reduction, and 
(6)operation outside formal regulations. In Oregon, truck weigh-in-motion data were used to develop live load 
factors(LLF) for use on state-owned bridges, even though the resulting state-specific LLF were smaller than the 
national standard (Pelphrey et al., 2008). 
3.1.2. Truck-Trip Generation (en route) 
Based on the origin and destination of trips, truck travel may be classified as internal and external. The latter 
movement can be divided into “through” and “external-internal” movement. The magnitude of such movements 
422   Xiaoxia Wang et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  418 – 426 
depends on the size and nature of a city. Truck routes may be designated only for specific classes of vehicles, as 
over-dimensional truck routes/hazardous load routes/high-productivity vehicle routes. For trucks operation, 
companies prefer full truckload. 
3.2. Land use and road Networks 
3.2.1. Inter-city freight road network 
In China, truckers prefer free national roads to highways. On the contrary, commercial vehicle operators in US 
generally have a higher value of time, especially reliable travel time, than auto drivers. Many truckers would be 
willing to pay tolls to utilize an exclusive truck facility. Chu (2011) developed preliminary planning guidance for 
implementing truck-only toll (TOT) lanes based on the evaluation of critical issues associated with TOT lanes and 
the modeling results of building TOT lanes in freeway systems. And Abdelgawad et al. (2011)  assessed the impact 
of exclusive truck facilities on urban freeway performance with a large-scale regional microscopic traffic simulation 
model.  
3.2.2. Truck stops: urban port or intermodal truck terminals 
Truck parking, which has reverberations on land use and economic development, was raised to the forefront 
through TEA-21 Section 4027 that required the Federal Highway Administration to analyze commercial vehicle 
parking along highways and the interstate highway system. As a controversial topic, Gaber et al. (2005) argued that 
varying methodologies yield different findings in the assessment of truck parking available. In the past few years, 
the concept of “Urban Ports” has gained increasing attention, not just for carriers who are required to load and 
unload freight, but to provide a place near the municipal center for truckers to wait out peak traffic periods. Regan 
and Golob(2005) examined trucking company interest in such facilities, or trucking industry demand for urban 
shared use freight terminals, by examining the results of an ordered probity demand model. Marcucci and 
Danielis(2008) reported the results of a stated-preference study aimed at investigating how transport decisions are 
made by receivers or transport operators about the potential use of an urban freight consolidation centre in Fano, 
Italy. 
4. Optimized regulation objectives of urban freight 
Policymakers face a clear challenge with respect to addressing trade-offs between the indispensable role of 
trucking in the economy and our daily lives, and negative externalities associated with on-road UGM. To improve 
safety and efficiency of urban limited access roadways, various state agencies have implemented truck regulation 
policies that include instituting separate speed limits for trucks, restricting trucks on certain lanes, and banning 
trucks from certain routes altogether (Kobelo et al., 2008). The implementation of truck lane restriction across the 
country is mainly predicated on the principle that the restriction would reduce crashes and increase the level of 
service (LOS) of urban limited access highways. Despite the fact that the perceived benefits of truck lane restriction 
are sometimes not realized, these restrictions are often left in place in conformity with public opinion which seems 
to favor limiting the number of through lanes that trucks can use (Kobelo et al., 2008). The policies proposed to 
mitigate freight problems can be classified into: (1) market based measures, (2) regulatory measures (Time-
windows), (3) land use planning, (4) infrastructure measures, (5) new technologies, and (6) management 
measures(Stathopoulos et al., 2012). Importantly there is no one-size-fits all solution, particularly in view of the 
large ex-ante agent-specific differences in policy-sensitivity discovered by Stathopoulos et al. (2012). In brief, being 
in a position to predict and anticipate preferences should help policy design, prevent negative reactions and avoid 
unwanted policy outcomes. 
4.1. Social cost of urban freight 
Mizutani et al.(2011) estimated social costs of transport for 111 cities in Japan in 2005, and analyzed its 
relationship to city size. Here summarized social cost of urban freight as following. 
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4.1.1Trucks Emissions 
With the increasing concern about air quality, there are plenty of studies on trucks emissions effects. Kanaroglou 
and Buliung(2008) estimated the contribution of commercial vehicle movement to mobile emissions in urban areas, 
taking Hamilton Census Metropolitan Area as a case study. Southworth and Sonnenberg(2011) described the 
development of a set of CO2 emissions estimates for highway travel by automobile, truck, bus, and other public 
transit vehicle movements within the nation’s 100 largest metropolitan areas in 2005. As a consequence, many of 
the nation’s largest metropolitan areas tend to have lower CO2 emissions per capita and per GMP than smaller and 
more recently developed metro areas. Bitzan and Keeler (2011) studied intermodal traffic, regulatory change and 
carbon energy conservation in US freight transport. While recent policy in the US, for example, pursues 
technological solutions to the emissions problem (ICF, 2005), e.g. ethanol and hydrogen are receiving considerable 
attention as alternative fuels for transportation (Wakeley, 2008), and less attention has been given to the spatial 
distribution of impacts and the demand side of trucking. For example, the presence of spatial variation in patterns of 
environmental emissions raises concerns around the unbiased distribution of externalities across urban areas. 
Moreover, increasing demand for trucking could give rise to greater system-wide emissions despite per capita 
reductions resulting from technology policy and innovation (Kanaroglou and Buliung, 2008).   
4.1.2.Trucks Safety Hazards in Mixed Traffic 
Overweight trucks are thought to present safety hazards in mixed traffic because of their decreased stopping 
capabilities, lack of maneuverability, and the large size, which occupies more lane space and blocks motorist’s 
visibility (Mannering et al., 1993). Nevertheless, about 59% of heavy truck fatal crashes occurred on undivided 
highways that do not have controlled access and have signalized intersections.   
4.1.3. Acceptable Congestion Threshold 
Congestion arises from abnormal traffic volumes which alter the quality of service offered by a transportation 
system relative to acceptable or desired benchmarks. The most conventional definitions of congestion included 
volume-to-capacity ratios, traffic density, travel delay, traffic cycle failure, LOS, and travel speed (Bertini 2005). 
There are recurrent and non-recurrent congestion. The former causes temporally confined impacts on system 
performance. Travel delay, both the magnitude of delay and the value of time are subject to the interpretations of 
individual researchers; they depend on (1) the benchmarks used to distinguish congested from uncongested 
conditions and (2) the value of the activity an individual would engage in if they were not stuck in traffic. 
Regardless of the measures utilized, an essential distinction is the threshold employed to distinguish congested travel 
conditions. Public policy makers select varying thresholds according to their policy objectives. Among the measures 
are travel conditions slower than free-flow speeds (such as the regional council of governments in Tulsa, Oklahoma), 
freeway speeds below 45 mph (the Minnesota DOT), volume-to-capacity ratios greater than 1.0 (the Michigan DOT; 
Bertini 2005). Each of these definitions has embedded normative policy objectives for “okay” travel conditions 
(Sweet, 2011). 
4.2. Trade-off between efficiency, effectiveness and equity 
The most widely accepted definition of sustainable development is “development that meets the needs of the 
present without compromising the needs of future generations to meet their own needs” (World Commission on 
Environment and Development, 1987) (Anderson et al., 2005). Urban freight system objective should balance 
efficiency(the ratio of outputs to inputs), effectiveness(the ratio of consumption to outputs) and equity(the relative 
distribution of transportation inputs, outputs, or consumption). (Taylor et al., 2010) Fuel consumption (F, cm3/km) 
and environmental noise pollution (L) caused by freight vehicles are derived as Eq. (1), (2), (3) by Japan's Transport 
Environmental Improvement Guide (1989).(Liu, 2013)  
 
Fsmall trucks=544.2V -1-1.194V+0.0117V 2+81.2 (1) 
 
Fbig trucks=539.0V -1-11.03V+0.0758V 2+587.6 (2) 
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Lnoise=87+0.2V+10log10(a1+10a2) (3) 
 
V: urban travel speed(d 60 km/h); a1, a2: the proportion of small trucks and big trucks. Eq. (4) discards the 
dimension difference and weight coefficient and illustrates as Fig. 1(a) if a1+a2 =0.5. 
 
Total environmental cost = a1 Fsmall trucks + a2 Fbig trucks + Lnoise (4) 
 
And calculate hourly traffic volume as Eq.(5)(Wang et al., 2013), b as the longitudinal adhesion coefficient. 
When V0=20km/h have Volumeoriginal0. Vmax is the corresponding speed for Volumemax (max volume of Volumeoriginal). 
Hourly remaining capacity is as Eq. (6) and Fig. 1(b). 
 
Volumeoriginal=1000(3.6-1+V (254 b)-1+14 V-1) -1 (5) 
0
max 0 max
0 0 max
0 ( )
( )
( )
remaining original
original original
V V
Capacity Volume Volume V V
Volume Volume V V V
­ d°  !®°   d¯
                      (6) 
(a) 
 
 
 
 
 
 
 
 
 
 
 
(b) 
Fig. 1. (a) total environmental cost as function of travel speed; (b) hourly remaining capacity vs. traffic volume by theory 
 
As Fig. 1, in urban area should take advantage of small trucks and make full use road remaining capacities. 
Crainic et al. (2009) described the day-before planning problem for a two-tiered distribution structure with the goal 
of on-time delivery of freight at a minimum number of vehicle movements in the city. Silas et al. (2012) developed 
mathematical models to distribute exogenous or endogenous financial incentives to receivers of urban deliveries to 
maximize participation in off-hour deliveries with maximizing the number of off-hour truck tours.  
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5. Conclusions 
Efficient UGM management has a significant role in improving vehicle productivity and utilization, reducing 
urban traffic congestion, promoting road safety and regional economy and development. However, there are many 
challenges facing by UGM owing to the conflict of interests within different parties. A sustainable UGM analysis 
architecture combines truck operation with land use. And the optimized regulatory goal in UGM is to minimize the 
system travel cost within an urban area, including congestion, emission (and/or noise), safety hazards in mixed 
traffic, as well as satisfy customers expectations to the maximum extent. To obtain better trade-off between 
efficiency, effectiveness and equity, small trucks as a better choice can take full advantage of the road remaining 
capacity. 
Acknowledgements 
This work was supported by “the Fundamental Research Funds for the Central Universities” (2012JBM053), 
NSFC (Project: 71303018) and the MOE Key Laboratory for Transportation Complex Systems Theory and 
Technology of Beijing Jiaotong University. 
References 
Abdelgawad, H., Abdulhai, B., Amirjamshidi, G., Wahba, M., Woudsma, C., & Roorda, M. J. (2011). Simulation of 
exclusive truck facilities on urban freeways. Journal of Transportation Engineering, 137, 547-562. 
 
Anderson, S., Allen, J., & Browne, M. (2005). Urban logistics––how can it meet policy makers’ sustainability 
objectives?. Journal of Transport Geography, 13, 71-81. 
 
ASCE Committee on Urban Goods Movement. (1989). Issues and problems of moving goods in urban areas. 
Journal of Transportation Engineering, 115, 4-19. 
 
Bitzan, J.D., & Keeler, T.E. (2011). Intermodal traffic, regulatory change and carbon energy conservation in US 
freight transport. Applied Economics, 43, 3945-3963. 
 
Chu, H. (2011). Preliminary planning guidance for implementing truck-only toll lanes. Journal of Transportation 
Engineering, 137, 133-141. 
 
Crainic, T.G., Ricciardi, & N., Storchi, G. (2009). Models for evaluating and planning city logistics systems. 
Transportation Science, 43, 432-454. 
 
Fekpe, E. (1997). Vehicle size and weight regulations and highway infrastructure management. Journal of 
Infrastructure Systems,3, 10-14. 
 
Gaber, S., Gaber, J., & Khattak, A. (2005). Commercial truck parking analysis: Method to the madness or madness 
in the method?. Journal of urban planning and development,131, 50-56. 
 
Goldman, T., & Gorham, R. (2006). Sustainable urban transport: Four innovative directions.  Technology in Society, 
28, 261-273. 
 
Kanaroglou, P.S., & Buliung, R.N. (2008). Estimating the contribution of commercial vehicle movement to mobile 
emissions in urban areas. Transportation Research Part E: Logistics and Transportation Review, 44, 260-276. 
 
Kobelo, D., Patrangenaru, & V., Mussa, R.(2008). Safety analysis of Florida urban limited access highways with 
special focus on the influence of truck lane restriction policy. Journal of Transportation Engineering, 134, 297-306. 
 
426   Xiaoxia Wang et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  418 – 426 
Liu, W. (2013). Research on the Optimization of Beijing Agricultural Logistics from Production and Marketing 
Perspective.  Beijing: Beijing Jiaotong University. 
 
Marcucci, E., & Danielis, R. (2008). The potential demand for a urban freight consolidation centre. Transportation, 
35, 269-284. 
 
Mizutani, F., Suzuki, Y., & Sakai, H. (2011). Estimation of social costs of transport in Japan. Urban Studies, 48, 
3537-3559. 
 
Muñuzuri, J., Larrañeta, J., Onieva, L., & Cortés, P. (2005). Solutions applicable by local administrations for urban 
logistics improvement. Cities, 22, 15-28. 
 
Ogden, K.W. (1991). Truck movement and access in urban areas. Journal of Transportation Engineering, 117, 71-
90. 
 
Pelphrey, J., Higgins, C., Sivakumar, B., Groff, R. L., Hartman, B. H., Charbonneau, J., Rooper, J. & Johnson, B. 
(2008). State-specific LRFR live load factors using weigh-in-motion data. Journal of Bridge Engineering, 13, 339-
350. 
 
Regan, A.C., & Golob, T.F. (2005). Trucking industry demand for urban shared use freight terminals. 
Transportation, 32, 23-36. 
 
Rempel, G., Moshiri, M., Milligan, C., Bittner, J., & Montufar, J. (2012). Options for Hauling Fully Loaded ISO 
Containers in the United States. Journal of Transportation Engineering,138, 760-767. 
 
Rodrigue, J-P (2013). The Geography of Transport Systems, (3rd ed.), New York: Routledge. 
 
Silas, M.A., Holguín-Veras, J., & Jara-Díaz, S. (2012). Optimal distribution of financial incentives to foster off-hour 
deliveries in urban areas. Transportation Research Part A: Policy and Practice, 46, 1205-1215. 
 
Southworth, F., & Sonnenberg, A. (2011). Set of comparable carbon footprints for highway travel in metropolitan 
America. Journal of Transportation Engineering, special issues: Transportation, the Environment, and 
Sustainability, 137, 426-435.  
 
Stathopoulos, A., Valeri, E., & Marcucci, E.(2012). Stakeholder reactions to urban freight policy innovation. 
Journal of Transport Geography, 22, 34-45. 
 
Sweet, M. (2011).  Does traffic congestion slow the economy? Journal of Planning Literature, 26, 391-404. 
 
Taylor, B.D., & Tassiello Norton, A. (2010).  Paying for transportation: what's a fair price? Journal of Planning 
Literature, 24, 22-36. 
 
Wakeley, H. L., Griffin, W. M., Hendrickson, C., & Matthews, H. S. (2008). Alternative Transportation Fuels: 
Distribution Infrastructure for Hydrogen and Ethanol in Iowa. Journal of Infrastructure Systems, 14, 262-271. 
 
Wang, X., Shang, Y., & Liu, W. (2013). Taking Beijing as a case study with online real-time traffic maps to regulate 
urban entry of trucks. Journal of Convergence Information Technology, 8, 876-884. 
Woodburn, A. (2009). Book review(The City as a Terminal: The Urban Context of Logistics and Freight 
Transport. Hesse, M. Ashgate.). Journal of Transport Geography, 17, 416-417. 
 
Woudsma, C. (2001). Understanding the movement of goods, not people: issues, evidence and potential. Urban 
studies, 38, 2439-2455. 
